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1- Field of the Invention 

The present invention relates to a probe composition, 
and to methods of using the composition for detecting 
selected sequences in a target polynucleotide. 
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A variety of DBA hybridization tecbniques are 
available for detecting the presence of °- °^ """^^ 

20 selected polynucleotide se^ences in a sample ^ 
large nUBber of se<rience regions. In a simple mettod 
whiL relies on fragment capture and labeling, a fragment 
wnicn j^exj. ^ar.^Ti-r&d bv hybridization 

containing a selected se<raen=e is captured by hyK 
to an immobilized probe. The captured £ragm«>t c^ be 

25 tibeled by hybridization to a second probe which contains 
a detectable reporter, moiety. ^, m 

^o^her widely used method is southern, blotting^ In 

«as method, a -lecture of DK. ^"^^ ^ ^^rf on a 
fractionated by gel electrophoresis, then fixed on 
30 nitrocellulose filter. By reacting the ^'^^^^J^^^Z 
. more labeled probes under hybridization conditions the 
presence of bands containing the probe seguence can be 
'identified. The method is especially ""^"^ . 

identifying fragments in a restriction-enzyme DNA digest 



which contain a given probe sequence, and for analyzing 
restriction-fragment length polymorphisms (RFLPs) . 

Another approach to detecting the presence of a given 
sequence or sequences in a polynucleotide sample involves 
5 selective amplification of the sequence (s) by polymerase 
chain reaction (Mullis, Saiki) . In this method, primers 
complementary to opposite end portions of the selected 
sequence(s) are used to promote, in conjunction with 
themaal cycling, successive rounds of primer-initiated 
LO replication. The amplified sequence may be readily 
identified by a variety of techniques. This approach is 
particularly useful for detecting the presence of low-copy 
sequences in a polynucleotide-containing sample, e.g., for 
detecting pathogen sequences in a body-fluid sample. 
15 More recently, methods of identifying Icnown target 

sequences by probe ligation methods have been reported (Wu, 
Whiteley, Lundegren, Winn-Deen) . In one approach, Icnown as 
oligonucleotide ligation assay (OIA) , two probes or probe 
elements which span a target region of interest are 
20 hybridized with the target region. Where the probe 
elements match (basepair with) adjacent target bases at the 
confronting ends of the probe elements, the two elements 
can be joined by ligation, e.g., by treatment with ligase- 
The ligated probe element is then assayed, evidencing the 
25 presence of the target sequence. 

In a modification of this approach, the ligated probe 
elements" act as k template for a pair of complementary 
probe elements. With continued cycles of denaturatxon, 
reannealing and ligation in the presence of the two 
30 complementary pairs of probe elements, the target sequence 
is amplified geometrically, allowing very small amounts of 
target sequence to be detected and/or amplified. This 
approach is also referred to as Ligase Chain Reaction 
(LCR) . 
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There is a growing need, e.g., in the field of genetic 
screening, for methods useful in detecting the presence or 
absence of each of a large number of sequences in a target 
polynucleotide. For example, as many as 150 different 
5 mutations have been associated with cystic fibrosis.^ In 
screening for genetic predisposition to this disease, it iS 
optimal to test all of the possible different gene sequence 
mutations in the subject's genomic DNA, in order to make a 
positive identification of a "cystic fibrosis". Ideally,. 
0 one would like to test for the presence or absence of all 
of the possible mutation sites in a single assay. 

These prior-art methods described above are not 
readily adaptable for use in detecting multiple selected 
sequences in a convenient, automated single-assay format. 
15 It is therefore desirable to provide a rapid, single-assay 
format for detecting the presence or absence of multiple 
selected sequences in a polynucleotide sample. 

4. gmmna-rv the Invention 
20 The present invention includes, in one aspect, a 

method of detecting one or more of a plurality of different 
sequences in a target polynucleotide. In practicing the 
method, there is" added to the target polynucleotide, a 
plurality of sequence-specific probes, each characterized 
25 by (a) a binding polymer having a probe-specific se^ence 
o^ subunits designed for base-specific binding of the 
polymer to one of the target sequences, under selected 
bin^ng conditions, and (b) attached to the binding 
. polymer, . a polymer chain having a ^^^^--^ J^^^^^ 
30 charge/translational frictional drag from that of the 

■ ''^'':"p"":rare reacted with the target polynucleotide 
under conditions favoring binding of the probes in a base- 
specif ic manner to the target polynucleotide. The probes 
35 are then treated to selectively modify those probes which 



are boxind to the target polynucleotide in a sequence- 
specific manner, forming modified, labeled probes 
characterized by (a) a distinctive ratio of 
charge/translational frictional drag, and (b) a detectable 

5 reporter label. 

The modified, labeled probes are fractionated by 
electrophoresis in a non-sieving matrix. The presence of 
selected sequence(s) in the target polynucleotide is 
detected according^ to the observed electrophoretic 
10 migration rates of the labeled probes. 

The polymer chain may be a substantially uncharged, 
vater-soluble chain, such as a chain composed of 
polyethylene oxide (PEO) units or a polypeptide chain, 
where the chains attached to different-sequence binding 
15 polymers have different numbers of polymer units 
Electrophoresis is preferably performed under conditions of 
efficient heat dissipation from the non-sieving medium, 
such as in a capillary tube. . ^ ^ 

in one general method, each probe includes first and 
20 second probe elements having first and second sequence- 
specific oligonucleotides which, when bound in a sequence 
specific manner to a selected single-stranded target 
sequence, have (or can be modified to have) confronting end 
subunits Which can basepair to adjacent bases in the target 
25 polynucleotide sequence. After hybridizing the 

oligonucleotides to. the target polynucleotide, the target- 
bound oligonucleotides are ligated, to .cm those 
hybridized oligonucleotides whose confronting end subunits 
are base-paired with adjacent target bases. In each pair 
3 0 of probe elements, one of the probe elements contains the 
•roL-specific polymer chain, and the other . element 
preferably includes a detectable . reporter . ^ _ ^ 

in a second general embodiment, each probe includes 
first and second primer elements having first and second 
35 sequence-specific oligonucleotide primers effective to 



hybridize with opposite end regions of complementary 
strands of a selected target polynucleotide segment. The 
first probe element contains the probe-specific polymer 
chain. The primer elements are reacted with the target 
5 polynucleotide in a series of primer-initiated 
polymerization cycles which are effective to amplify the 
target sequence of interest. 

The amplification reaction may be carried out in the 
presence of reporter-labeled nucleoside triphosphates, for 
10 purposes of reporter labeling the amplified sequences. 
Alternatively, the amplified target sequences may be 
labeled, in single-stranded form, by hybridization with one 
or more reporter-labeled, sequence-specific probes, or in 
. ' double-stranded form by covalent or non-covalent attachment 
15 of a reporter, such as ethidium bromide. 

In a third general embodiment, bound oligonucleotxde 
probes are reacted with reporter-labeled nucleoside 
triphosphate molecules, in the presence of a DNA 
polymerase, to attach reporter groups to the 3' end of the 

20 probes. . , J 

in a fourth general embodiment, the probes xncludes a 
binding polymer which is modified by enzymatic cleavage 
when bound to a target sequence. The cleavage reaction may 
remove a portion of the binding polymer, to modify the 

25 probes 's ratio of charge/translational frictional drag, or 
^ay separate a reporter label carried at one end of the 
binding iolymer from a polymer chain carried at the other 
end of the binding polymer, to modxfy the 
charge/translational frictional drag of the binding polymer 

30 carrying the reporter label. 

In a fifth general embodiment, each sequence-specxf ic 
probe includes a binding polymer and an attached reporter 
label, and the polymer chain associated with each 
different-sequence probe imparts to that _ probe a 

35 distinctive ratio of charge/translational frictxonal drag. 



The treating step includes immobilizing the target 
polynucleotide, washing the immobilized target 
polynucleotide to remove probes not bound to the target 
polynucleotide in a sequence-specific manner, and 
5 denaturing the target polynucleotide to release probes 
bound in a sequence-specific manner. 

Also forming part of the invention is a probe 
composition for use in detecting one or more of a plurality 
of different sequences in a target polynucleotide. The 
10 composition includes a plurality of sequence-specific 
probes, each characterized by (a) a binding polymer having 
a probe-specific sequence of subunits designed for base-, 
specific binding of the polymer to one of the target 
sequences, under selected binding conditions, and (b) 
15 attached to the binding polymer, a polymer chain having a 
ratio of charge/translational frictional drag which is: 
different from that of the binding polymer. 

In one embodiment, each sequence specific probe 
further includes a second binding polymer, where the first- 
20 mentioned and second binding polymers in a sequence- 
specific probe are effective to bind in a base-specxf xc 
manner to adjacent and contiguous regions of a selected 
target sequence, ' allowing ligation of . the two binding 
polymers when bound to the target sequence in a sequence- 
rs specific manner. The second binding polymer preferably 
includes a detectable label, and the polymer chain attached 
. to the first binding polymer imparts to each ligated probe 
pair, a distinctive combined ratio of charge/ translational 

frictional drag. w 
30 In another embodiment, each sequence specific probe m 

the composition further includes a second binding polymer, 
where the first-mentioned and second binding polymers in a 
sequence-specific probe are effective to bind in a base- 
specif ic manner to opposite end regions of opposite strands 
35 of a selected duplex target sequence, allowing primer 
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initiated polymerization of the target region in each 
strand. The second binding polymer preferably includes a 
detectable label, and the polymer chain attached to the 
first binding polymer imparts to each ligated probe pair, 
5 a distinctive combined ratio of charge/ trans lational 

frictional drag. 

In another embodiment, each seq:uence-specif ic probe 
includes a binding polymer , a polymer chain attached to the 
binding polymer, and a reporter attached to the binding 
10 polymer. 

These and other objects and feattires of the invention 
will become more fully apparent when the following detailed 
description of the invention is read in conjunction with 
the accompanying drawings. 
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B-rief Description of "^ hft Drawings 
Figures lA-lD illustrate three general types of probes 
and probe elements used in practicing various embodiments 
of the method of the invention; 

Figure 2 illustrates methods . of synthesis of 
polyethylene oxide polymer chains having a selected number 
of hexapolyethylene oxide (HEO) units; 

Figure 3 illustrates methods of synthesis of 
polyethylene glycol polymer chains in which HEO units are 
25 linJced by bisur ethane tolyl linkages; 

Figoires 4A and 4B illustrate coupling reactions for 
coupling~the polymer chains of Figures 2 and 3 to the 5' 
end of a polynucleotide, respectively; 

Figure 5 shows the reaction steps for adding HEO units 
successively to an oligonucleotide through phosphodiester 
linkages, and subsequent fluorescent tagging; 

Figure 6 is an electropherogram, on capillary 
electrophoresis in a non-sieving medium, of a 24 base 
oligonucleotide before (peak 1) and after derivatization 
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with 1 (peak 2), 2 (peak 3), and 4 (peak 4) units of a 
hexaethylene oxide (HEO) unit; 

.Figures 7A-7D illustrate a probe-ligation method of 
identifying tcirget sequences, in accordance with a first 
5 general embodiment of the method of the invention; 

Figure a illustrates an idealized electrophoretic 
pattern observed in the Figure-7 method, where a target 
polynucleotide contains mutations in two different target 
regions; 

10 Figure 9 is an. electropherogram, on capillary 

electrophoresis, in a non-sieving medium, of labeled probes 

having polypeptide polymer chains, and formed by ligation 

of adjacent probes on a target molecule; 

Figures . lOA-lOC illustrate a method oof detecting 
15 target sequences by ligation of base-matched probes by 

ligase chain reaction (LCR) in accordance with the first 

general embodiment of the invention; 

Figure 11 is an electropherogram, on capillary 

electrophoresis in a non-sieving matrix, of labeled probes 
20 having polyethylene oxide polymer chains, and formed by LCR 

reaction; 

Figures 12A-12B illustrate the steps in a second 
general embodiment of the invention, using primer- initiated 
amplification to produce double-stranded labeled probes; 
25 Figures. 13A and 13B illustrate an alternative method 

for labeling amplified target sequences formed iii the. 

Figtare-12 method; . 

Figures 14A and 14B illustrate steps in a third 
general embodiment of the invention, using reporter-labeled 
30 nucleotide addition to the target-bound probes to form 
labeled probe species; 

Figures ISA and ISB illustrate a method for labeling 
target duplex fragments with polymer chains, for purposes 
of identifying fragments containing selected sequences, in 
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accordance with the second general embodiment of the method 
of the invention; 

Figxires 16A-16C illustrate an alternative method for 
modifying probes in a sequence specific manner to contain 
5 both polymer chains and reporter labels, in accordance with 
the first general embodiment of the method of the 
invention; 

Figures 17A and 17B illustrate a method for 
identifying target secjuences by selective probe cleavage, 
10 in accordance with a fourth general embodiment of the 
invention; 

Figures 18A-18C illustrate an alternative probe- 
ligation method, in accordance with the first general 
embodiment of the invention; 
15 Figures 19A and 19B illustrate a method for modifying 

labeled probes by polymerase cleavage reaction, in 
accordance with the fourth general embodiment of the 

invention; and 

Figures 20A-20C illustrate steps in a" probe capture 
20 method of identifying target equences, in accordance with 
a fifth general eaibodiment of the invention. 

n«.l-aT.le'd n«»sc-ript inTi of thp Tnventjon 

I. n«» f initions 
25 "A target polynucleotide" may include one or more 

nucleic acid molecules, including linear or circularized 

single-stranded or double-stranded RNA or DNA molecules. 

"Target nucleic acid sequence" means a contiguous 

sequence of nucleotides in the target polynucleotide. A 
30 "plurality" of such sequences includes two or more nuclexc 

acid sequences differing in base sequence at one or more 

nucleotide positions. 

"Sequence-specific binding polymer" means a polymer 

effective to bind to one target nucleic acid or sequence 
35 subset sequence with base-sequence specificity, and which 
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has a substantially lower binding affinity, under selected 
hybridization conditions, to any other target sequence or 
sequence subset in a given plurality of sequences in the 
test sample. 

The "charge" of a polymer . is the total net 
electrostatic charge of the polymer at a given pH; 

The "translational frictional drag" of a polymer is a 
measure of the polymer's frictional drag as it moves 
electrophoretically through a defined, non-sieving liquid 

medium . , 
"Non-sieving matrix" means a liquid medium which is 

substantially free of a mesh or network or matrix of 

interconnected polymer molecules. 

A "distinctive ratio of charge/ translational 

frictional drag" of a probe is evidenced by a distinctive, 

i.e., unique, electrophoretic mobility of the probe in a 

non-sieving mediiim. 

"Capillary electrophoresis" means electrophoresis in 
a capillary tube or in a capillary plate, where the 
diameter of separation column or thickness of the 
separation plate is between about 25-500 microns , allowing 
efficient heat dissipation throughout the separation 
medium, with consequently low thermal convection within the 

medium. ^ 

A "labeled probe" refers to a probe which is composed 
of a binding polymer effective^ to bind in a sequence- 
specific-manner to a selected target sequence, a polymer 
chain which imparts to the binding polymer, a distinctive 
ratio of charge/translational .frictional drag, and a 

detectable reporter or tag. 

A "reporter" or "label" or "reporter label" refers to 
a fluorophore, chromophore, radioisotope, or spin label 
which allows . direct detection of a labeled probe by a 
suitable detector, or a ligand, such as an antigen, or 
biotin. Which can bind specifically and with high affinity 



12 

to a detectable anti-ligand, such as a reporter-labeled 

« 

antibody or avidin. 

II pT^nbQ C ^Tnposttion 

5 ' This section describes several embodiments of probes 
designed for use in the present invention. In the typical 
case the probe is part of. a probe composition whxch 
contains a plurality of probes used for detecting one or 
more of a plurality of target sequences, according to 
10 methods described in Section III. The probe. ^--^^^^ 
with reference to Figures IB and IC are representative of 
probes or probe elements which ma3ce up probe compositions 
in accordance with the present invention. 

■LS A PT'-y>'^ gt-ructure 

Tl^^^m^^ a prob. ao wMch Is one ot a plurality 
of probes used in one ena.odl>ent of Uie method ot t^e 
invLion. AS will be seen below, a probe composxtion 
TnT^, a probe lilce probe 20 is desired for use ^^a 
ao np„.e- Jension" -et^od of identifying tar,e. se^ence. 
sucl. as the se^ence in -'^"^ . " ^^^^ 
polynucleotide, indicated by dashed line at 26 in Figure 
!I or in -probe-capture" method for identifying such 
^eTs^i Jes. Both .ethods are discussed in Section XV 



tax 
25 below. 



probe 20 includes an oligonucleotide binding Poly-^ 
22 Which- preferably includes at least 10-20 bases, for 
J^site 'basepair specificity, and has a base serene 

„.lch - —-enters ^^J^^Z^ for.- 

30 polynucleotide 26, witux sv^^i. cities 
Oth^ probes in the composition have sequence -P-^^-^^^^^ 
for otier target regions of known sequence m the target 
. ZatLl in a preferred embodiment, the binding 
polynucleotide. ±n ^ have about 

polymers of the dif f erent-se-jience ^^°''^%^'±XutT.n^ 
3S Le same length, allowing hybridization of the different 
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probes to the target polynucleotide with sxibstantially the 
same hybridization reaction kinetics and thermodynamics 

Other binding polymers which are analogs of 
5 polynucleotides, such as deoxynucleo tides with 
thiophosphodiester linkages, and which are capable of base- 
specific binding to single-stranded or double-stranded 
target polynucleotides are also contemplated. 
Polynucleotide analogs containing uncharged, but 

10 stereoisomeric methylphosphonate linkages between the 
deoxyribonucleoside subunits have been reported (Miller, 
1979, 1980, 1990, Murakami, Blake, 1985a, 1985b). A 
variety of analogous uncharged phosphoramidate-linked 
oligonucleotide analogs have also been reported (Froehler) . 

15 Also, deoxyribonucleoside analogs having achiral and 
uncharged intersubunit linkages (Sterchak) and uncharged 
morpholino-based polymers having achiral intersubunxt 
linkages have been reported (U.S. Patent No. 5,034,506). 
such binding polymers may be designed for sequence specific 

20 binding to a single-stranded target molecule through 
Watson-Crick base pairing, or sequence-specific binding to 
a double-stranded target polynucleotide through Hoogstem 
binding sites in -the major groove of duplex nucleic acid 

(Komberg) . ^ ■ ^ 

25. The binding polymer in the probe has a given ratio of 

charge/translational frictional drag, as defined above, and 
this ratio may be substantially the same for all of the 
different-sequence binding polymers of the plurality of 
probes making, up the probe composition. This is evidenced 
30 by the similar migration rates of oligonucleotides having 
different sizes (numbers of subunits) and sequences by 
electrophoresis in a non sieving medium. 

The" oligonucleotide binding polymer in probe 20 is 
derivatized, at its 5' • end, with a polymer chain 27 
.35 composed of N subunits 28. The units may be the subunits 
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of U>e polymer or may be groups of subunits. Exemplary 
polymer chains are formed of polyethylene ox.de, 
polyglycolio acid, poly lactic acid, polypeptide, 
oligosaccharide, polyurethane, polyamids, polysulf onamxde, 
polysulfoxide, and block copolymers thereof, 
polymers composed of units of multiple subunxts llnlced by 
charged or uncharged linking groups. 

According to an important feature of the xnvent.on 
the polymer chain has a ratio of charge/translat.onal 
Stction^l drag which is different from that of the bxndxn^ 
poly^. in the method of the invention, ^^^^^^^^ 
Lc^on IV below, the probes are treated to selectively 
lolify those probes bound in a seguence-specif ic manner to 
rt«get se^ence, to produce modified, labeled probes ^ 
; JrZl a distinct ratio of charge/translational 

c::«!cient, as evidenced by a distinctive ^^^f^^^^'^^^ 
mobility in a non-sieving matrix, as ^^^^^ ^^^^^ 
TTT below AS will be discussed below, the distinctive 
"tio of <^harge/translation,l frictional drag is typically 
0 rhieved by.differences in the ^-'^J^J^-^^^,^^ 
of the polymer chain. However, '"^^^.f i„ 

, Chain Charge are also contemplated, as are differences in 

nlre generally, the polymers forming the pol=^er cha^ 

, ^- -T re";oi;r:ay^zr:"une::. 

ra:rer:. I^LTtlcLcritecture. in addition although 
the invention is described herein with respect to a single 
^t^r'am attached to an associated ""^/-^"^^ 
^ , the invention also contemplates binding 

,0 a single point, "^^^^^^^ ^ one polymer 

polymers which are derivatxzed by the 
chain element, where the elements collectively 

polymer chain^ ^^^^^ _ ^^^^ 

35 hydrorhilic. - - sufficiently hydrophllic when 
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bound to the oligonucleotide binding polymer to ensure that 
the probe is readily soluble in aqueous medium. The 
polymer chain should also hot effect the hybridization 
reaction. Where the binding polymers are highly charged, 
5 as in the case of oligonucleotides, the binding polymers 
are preferably uncharged or have a charge/ subunit density 
which is substantially less than that of the binding 
polymer. 

Methods of synthesizing selected- length polymer 
10 chains/ either separately or as part of a single-probe 
solid-phase synthetic method, are described below, along 
with preferred properties of the polymer chains. 

in one preferred embodiment, described below, the 
polymer chain is formed of hexaethylene oxide (HEO) units, 
15 where the HEO units are joined end-to-end to form an 
unbroken chain of ethylene oxide subunits, as illustrated 
in Figure 2, or are joined by charged (Figure 3) or 
uncharged (Figure 5) linkages, as described below. Other 
embodiments exemplified below include a chain composed of 
20 N 12mer PEO units, and a chain composed of N tetrapeptide 
units. 

B yT;nbe romnosl tions 

This section describes three additional probes or 
25 probe-element pairs which are useful in specific 
embodiments of the method of the invention and which 
. themselvis, either as single probes or as probe sets, form 
compositions in accordance with the invention. 

Figure IB illustrates a probe 25 which has a sequence- 
30 specific oligonucleotide binding polymer 21 designed for 
sequence-specific, i.e., base-specific binding to a regxon 
• of a target polynucleotide 23. By this is meant the 
binding polymer contains a sequence of subunits -"-^^^^ 
to form a stable duplex or triplex hybrid with the selected 
35 single-stranded or double-stranded target sequence. 
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respectively, under defined hybridization conditions. As 
will be seen with reference to Figure 17 below, the binding 
polymer may contain both DNA and RNA segments. Attached to 
the binding polymer, at its 5' end, is a polymer chain 31 
composed Of N units 33, which imparts to the binding 
polymer a distinctive ratio of charge/translational 
frictional drag, as described above. The 3' end of the 
binding polymer is derivatized with a reporter or tag 39 
in one aspect, the invention includes a composxtxon which 
includes a plurality of such probes, each with a different- 
sequence binding polymer targeted against different target 
regions of interest, and each with a distinctive ratio of 
charge/translational frictional drag imparted by the 

associated polymer chain. . : ^ 

Figure IC illustrates a probe 32 which consists of 
first and second probe elements 34, 36, is designed 
particularly for detecting selected sequences in each of 
one or more regions, such as region 38, of a target 
polynucleotide, indicated by dashed line 40. 

in the embodiment illustrated,, the sequences of 
interest may involve mutations, for example, point 
mutations, or addition or deletion type mutations evolving 
one or a small nuM^er of bases. In a typical example, the 
expected site of mutation is near the midpoint of the 
icnown-sequence target region, and divides that region into 
two subregions. Xn the example shown, ^^^^l^^ 
point mutation, and the expected site of the -^^^-^ J^^^ 
!ne Of the two adjacent bases T-G, with the T /^^^-^^ 
the 5' end of a subregion 38a, and the adjacent G base 
defining the end of adjacent subregion 38b. 
seen below, the probe elements are also useful for 
Ltecting a variety of other types of ^-^^^ 
e.g., sequences related to pathogens or specific genomic 
gene sequences. 
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probe element 32, which is representative of the first 
probe elements in the probe composition, is composed of an 
oligonucleotide binding polymer element 42 which preferably 
includes at least 10-20 bases, for requisite basepair 

5 specificity, and has a base sequence which is complementary 
to a subregion 38a in the target polynucleotide. In 
particular, the 3' end nucleotide bases are selected for 
base pairing to the 5' end nucleotide bases of the 
correspc^nding subregion, e.g., the A:T matching .nd.cated. 

10 The. oligonucleotide in the first probe element xs 

derivatized, at its 5' end, with a polymer 
composed of N preferably repeating units 45, substantially 
as described with respect to chain 27 formed from ---^^ ^8^ 
AS described with respect to probe 20, the polymer chain in 

i« first probe element imparts a ratio o 

" .ri=.ional a.a, w..^ is ------ 

for eacH sequence-specific probe element in tHe 

=°-^°:t::::"pro.e el^e„. 3.. «.ic. is also representati^ 
20 of the second probe elements in the probe composition, is 
:Lposed of an oligonucleotide polymer binding element « 
wbiL preferably includes at least 10-20 
requisite basepair specificity, and has a 
«h!l is complementary to a subregion 3 Sb in the target 

;ru:ieotJe. i„ particular, - ^ ---i^Vo:::: 

are selected for base paxrxng to the en ^ 

bases o? the corresponding subregion, e.g., ^ 

-"^■"irrr.lgure 1=, «hen the two probe elements are 
30 both hybridized to . their associated -^^-J^^:^;^: 
confronting end subunite in ad, acL^ 

^ onfronting^. a^^acentT'and . bases in the target 
"lyLleotide Xn ^is condition, the two probe elements 
3S " itated at their confronting ends, in accordance 
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with one embodiment of the invention described below, 
forming a ligated probe which contains both oligonucleotide 
elements, and has the sequence-specific polymer chain and 
a reporter attached at opposite ends of the joined 
oligonucleotides. It will be recognized that the condition 
of abutting bases in the two probes can also be produced, 
after hybridization of the probes to a target region, by 
removing overlapping deoxyribonucleotides by exonuclease 
treatment. . 

The second probe element is preferably labeled, for 
example, at its 3' end, with detectable reporter, such as 
reporter F indicated at 48 in Figure IC. Preferably the 
reporter is an optical reporter, such as a fluorescent 
molecule which can be readily detected by an optical 
detection system. A number of standard fluorescent labels, 
such as FAM, JOE, TAMRA, and ROX, which can be detected at 
different excitation wavelengths, and methods of reporter 
attachment to oligonucleotides, have been reported (Applied 

Biosy stems, Connell) . 

in one embodiment, each probe includes two second 
probe elements, one element having an end-subunit base 
sequence which can basepair with a wildtype bases in the 
target sequence, and a second element having an end-subunit 
base sequence which can basepair with an expected mutation 
in the sequence. The two alternative elements are labeled 
with distinguishable reporters, allowing for positive 
identification of wildtype or mutation sequences in each 
target region, as will be described in Section III below. 
Alternatively, the two second probe elements (e.g., 
oligonucleotides) may have the same reporters, and the 
first probe elements have polymer chains which impart to 
the two probe elements, different ratios of 
charge/translational frictional drag, allowing the two 
target regions to be distinguished on the basis of 
electrophoretic mobility. . 
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Figure ID shows a probe 50 which is representative of 
probes in a composition designed for use in another 
embodiment of the method of the invention. The probe, 
which consists of first and second primer elements 52, 54, 
is designed particularly for detecting the presence or 
absence of regions in a double-stranded target 
polynucleotide which are bounded by the primer-element 
sequences. In the example shown in Figure ID, the region 
bounded by the primer sequence is indicated at 56, and the 
two strands of a double-stranded target polynucleotide,, by 

the dashed lines 58, 60. 

primer element 52, which is representative of the 
first primer elements in the probe composition, is composed 
of an oligonucleotide primer element 62 which preferably 
includes at least 7-15 bases, for requisite basepaxr 
specificity, and has a base sequence which is complementary 
to a 3 '-end portion of region 56 in one of the two target 
strands, in this case, strand 58. ^ 

The oligonucleotide primer is derivatized, at its 5 
end with a polymer chain 64 composed of N preferably 
repeating units 66, substantially as described with respect 
to chain 27 formed from units 28. As described wxth 
respect to probe ^0, the polymer chain in the first probe 
element imparts a ratio of charge/translational frictxcnal 
drag which is distinctive for each sequence-specif xc prxmer 
element in the composition. 

second primer element 54, which is also representative 
of the second probe elements in the probe composition, is 
composed of an oligonucleotide primer element 68 whichalso 
preferably includes at least 7-lS bases, for --^^-^^^ 
basepair specificity, and has a base sequence which is 
complementary to a 5 'end portion of the opposite strand 
in this case, strand 60, of the duplex DNA forming region 
56 The second primer element may be labeled with a 
de;ectable reporter, as described above. Alternatively, 
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labeling can occur after formation of amplified target 
sequences, as described below. 

C. p-robe p -rpparation 
5 Methods of preparing polymer chains in the probes 

generally follow known polymer subunit synthesis methods. 
Methods of forming selected-length PEO chains are discussed 
below, and detailed in Examples 1-4. These methods, which 
involve coupling of def ined-size, multi-subunit polymer 

10 units to one another, either directly or through charged or 
uncharged linking groups, are generally applicable to a 
wide variety of polymers, such as polyethylene oxide, 
polyglycolic acid, polylactic acid, polyurethane polymers, 
and oligosaccharides. 

15 The methods of polymer unit coupling are suitable for 

synthesizing selected-length copolymers, e.g., copolymers 
of polyethylene oxide units alternating with polypropylene 
units polypeptides of selected lengths and amino acxd 
composition, either homopolymer or mixed polymer, can be 

20 synthesized by standard solid-phase methods, as outlined in 

Example 5. , 

Figure 2A illustrates one method for preparing PEO 
chains having a selected number of HEO units. As shown in 
the figure, HEO is protected at one end with 

25 dimethoxytrityl (DMT) , and activated at its other end with 
methane sulfonate. The activated HEO can then react with 
a second- DMT-protected HEO group to form a DMT-protected 
HEO dimer. This unit-addition is carried out successively 
^antil a desired PEO chain length is achieved. Details of 

30 the method are given in Example 1. „^ kvo 

Example 2 describes the sequential coupling of HEO 
units through uncharged bisurethane tolyl groups. Briefly,, 
with respect to Figure 2B, HEO is reacted with 2 units of 
tolyene-2,4-diisocyanate under mild • conditions , and the 



activated HEO is then coupled at both erids with HEO to fonn 
a bisurethane toiyl-linJced trimer of HEO. 

Coupling of the polymer chains to an oligonucleotide 
can be carried out by an extension of conventional 
phosphor amidite oligonucleotide synthesis methods, or by 
other standard coupling methods- Figxare 4A illustrates the 
coupling of a PEO polymer chain to the 5' end of an 
oligonucleotide formed on a solid support, via 
phosphoramidite coupling. Figure 4B illustrates the 
coupling of the above bisurethane tolyl-linked polymer 
chain to an oligonucleotide on a solid support, also via 
phosphoramidite coupling. Details of the two coupling 
methods are given in Examples 3B and 3C, respectively. 

Alternatively, the polymer chain can be built up on an 
oligonucleotide (or other sequence-specific binding 
polymer) by stepwise addition of polymer-chain units to the 
oligonucleotide, using standard solid-phase synthesis 
methods. Figure 5 illustrates the stepwise addition of HEp 
units to an oligonucleotide formed by solid-phase synthesis 
on a solid support. Essentially, the method follows the 
same phosphoramidite activation and deprotection steps used 
in building up the stepwise nucleotide addition. Details 
are given in Exaiaple 4. Example 5 describes a similar 
method for forming a selected-length polypeptide chain on 
an oligonucleotide. 

As noted above, the polymer chain imparts to its 
probe, a ratio of charge/ trans lational frictional drag 
which is distinctive for each different-sequence probe. 
The contribution which the polymer chain makes to the 
derivatized binding polymer will in general depend on the 
subunit length of the polymer chain. However, addition of 
charge groups to the polymer chain, such as charged linking 
groups in the PEO chain illustrated in Figure 5, or charged 
amino acids in a polypeptide chain, can also be used to 
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achieve selected charge/ frictional drag characteristics in 
the probe. 



Ill . Electrophoretic Separation of Labeled Pr obes in Non- 

5 Sieving Medium 

According to an important feature of the invention^ 
probes having different-length and/or different-sequence 
binding polymers, which themselves csuinot be resolved by 
electrophoresis in a non-sieving medixim, can be finely 

10 resolved by derivatization with polymer chains having 
slightly different size 2uid/or charge differences. 

In one preferred approach, the probes are fractionated 
by capillary electrophoresis in a non-sieving matrix, as 
defined above. The advantage of capillary electrophoresis 

15 is that efficient heat dissipation reduces or sxibstantially 
eliminates thermal connections within the medium, thus 
improving the resolution obtainable by el.ectrophoresis . 

Electrophoresis, such as capillary electrophoresis, 
(CE) is carried out by standard methods, and using 

20 conventional CE equipment, except that the electrophoresis 
medium itself does not contain a sieving matrix. The CE 
protocol described in Example 6 is exemplax-y. 

- Figure 6 stiows an electropherogram of fluorescent- 
labeled 24-base oligonucleotide probes which aire either 

25 underivatized (peak 1), or derivatized at their 5' ends 
with a 1, 2, or 4 phosphate-linked HEO sxibunits (peaks 2, 
3 , and *'4 , respectively) . The probes were prepared as 
described in Example 4, and capillary electrophoresis was 
carried out in a buffer medium under the conditions 

3 0 detailed in Example S. 

As seen in the figure, the probes are well resolved 
into four peaks, with migration times of 20-397, 20.612, 
20.994, and. 21. 558 minutes. In the absence of the polymer 
chains, the four oligonucleotide probes would migrate at 

3 5 the same or substantially the same electrophoretic 
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migration rate, i.e., would tend to run in a single 
unresolved peak. (This would be true whether or not the 
oligonucleotides had the same or different sizes (Olivera, 
Hermans) ) . 

The ability to fractionate charged binding polymers, 
such as oligonucleotides., by electrophoresis in the absence 
of a sieving matrix offers a number of advantages. One of 
these is the ability to fractionate charged polymers all 
having about the same size. As will be appreciated in 
section IV below, this, feature allows the probes in the 
probe composition to have similar sizes, and thus similar 
hybridization kinetics and thermodynamics (T„) with the 
target polynucleotide. Another advantage is the greater 
convenience of electrophoresis, particularly CE, where 
15 sieving polyiners and particularly problems of forming and 
removing crosslinked gels in a capillary tube are avoided. 

TV. aecay Method 

in one aspect, the method of the invention is designed 
20 for detecting one or more different-sequence regions in a 
target polynucleotide. The method includes first adding to 
the target polynucleotide, a plurality of sequence-specific 
probes of the type described above. The probes are reacted 
with the target polynucleotide under conditions which favor 
25 sequence-specific binding of the probes to corresponding 
sequences in the target polynucleotide. As indicated 
above, this binding typically involves hybridization of 
complementary base sequences in the target and probe by 

Watson-crick base pairing. . ^ ^ ^^ir-ir^a 

30 Alternatively, base-specific hydrogen-bond pairing 



between a single-strand probe and double-stranded target 
sequences, via Hoogstein base pairing, typically in the 
major groove of the duplex molecule (Kornberg) . :ls also 
contemplated . 
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Following probe binding to the target polynucleotide, 
tHe probes are treated to selectively modify probes bovmd 
to the target sequences in a sequence-specific manner, to 
produce modified labeled probes, each having a distinctive 
5 charge/translational frictional drag ratio. This modifying 
step may involve joining probe elements by ligation, such 
as enzymatic ligation, across an expected mutation site, 
primei^-initiated amplification of selected target 
sequences, probe extension in the presence of labeled 

10 nucleoside triphosphate molecules, enzymatic cleavage of a 
probe bound to a target region, or probe capture on an 
immobilized target, as detailed in Subsections A-E belov. 

• The labeled probes produced by selective modification 
of target-bound probes are fractionated by electrophoresis 

15 in a non-sieving medium, as discussed in Section III above. 
The migration rates of the modified, labeled probes can be 
used to identify the particular sequence associated with 
the labeled probes, to identify the presence of particular 
sequences in the target polynucleotide. 

20 

A- PT-Qbe-I-tcxation Method 

This embodiment is designed especially for detecting 
specific sequence's in one or more regions of a target 
polynucleotide. The target polynucleotide may be a single 

25 molecule of double-stranded or single-stranded 
polynucleotide, such as a length of genomic DNA, cDNA or 
■ viral genome including RNA, or a mixture of polynucleotide 
fragments, such as genomic DNA fragments or a mixture of 
viral and somatic polynucleotide fragments from an infected 

30 sample. Typically, in the present embodiment, the target 
polynucleotide is double-stranded DNA which is denatured, 
e.g., by heating, to form single-stranded target molecules 
capable of hybridizing with probe binding polymers. 

Figure 7A shows a portion of a single-stranded target 

35 polynucleotide 70, e.g., the strand of a double- 
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stranded target, with the 3' to 5' orientation shown, 
polynucleotide contains a plurality of regions R^, R,, R, .to 
R,, indicated at 72, 74, 76, and 78, respectively, which 
each contain a different base, sequence. Each region 
5 preferably has about the same length, i.e., number of 
basepairs, preferably between about 20-80 basepairs. The 
total number of regions R. which are to be assayed in the 
method may be up to hundred or more, although the method is 
also applicable where only a few different-sequence regions 

10 are to detected. 

Although the method is illustrated in Figure 7 with 
respect to a point mutation, it will be appreciated how 
other types of small mutational events, such as deletion or 
addition of one or more bases, can be detected by the 
15 method. More generally, the method can be used to assay, 
simultaneously, target sequences, such as sequences 
associated with a mixture of pathogen specimens, or gene 
sequences in a genomic DNA fragment mixture. 

Figure 7B shows an enlarged portion of target 
20 polynucleotide 70 which includes regions 74 (R,) and 76 
(R,). Region 74 includes adjacent bases T and C, as shown 
which divide the region into two subregions 74a, 74b 
terminating at these two bases. The T and C bases are 
wildtype (non-mutated) bases, but one of these bases, e.g., 
25 the T base, corresponds to a known point-mutation site of 
interest. similarly, region 7 6 includes adjacent bases G 
and G Which divide this region into two subregrons 76a, 76b 
terminating at these two bases. The G base in -^-^^^ 
76a represents a point mutation from a wildtype T ^-^-'^^^ 
30 the adjacent G base is non-mutated. The assay J"^ 
designed to identify regions of the target, such as regions 
74 and/or 76, which contain such point mutations, _ 

The probe composition used in the assay method is 
composed of a plurality of probe elements , such as those 
35 described with respect to Figure IB above. This 
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ccpcltion is added to tl.e target P°^Vnucleotxde^ «ith 
.ul in a denatured form, and the =o-ponents are annealed 
:r Jridi.e the probe elements to the =o.ple.entary- 
«quence target regions, as shown in Figure IB. 

one of the probes in the composition, ^dicated at 80, 
includes a pair of probe elements soa, 80b ^^^^ 
are complementary to the corresponding subreg.ons 
are cwmfc/ fhe taraet polynucleotide 

respectively in region 74 of the targe p y 
i J the probe element sequences correspond to those of 
I.e., the pro region of the target. In 

o.^,- M_rt strand of the region « ^ ^ ^ 

the probe Elements have end-subunits A and G 
particular, tne pro hybridized to 

« «v,ieli when the elements are nyotx 
bases which, wnexi as shown, are 

^4*- Tj-robe elements 82a, s^d wxiw=»« 

::.erer c:mpreren;4^o the 

'j:;tirrri^=afe, ::nr"ob:\lement3 have ... 
0 P°^>mu=leot.de^ in ^^^^ 

:r^d"ed\r=omplementary subreglons of region ,6, a. 
bybrxda.zed . ^ watson-crick base pairing with 

T::«.rbases r::: O bases m the wildtvpe target region, 
adjacent bases T ^ ^ ^ 

!5 However, in the exampi „, the i end-subunit to the 

Watson-Cridc base pairing of the i end 

associated target base elements to 

Following annealing of the pr ^^^^ j., 

corresponding target ■ ^:^Z7T:i.TZv^^ , 

30 treated with ligating J^f Xote^onfrlnting bases 
to ligate pairs of probe elements who typical 
are base-paired with adjacent target bases. YP 

are d== f jin„„_ ,re oiven in Example 7A. ™e 

ligation reaction conditio^ are gi ^^^^ ^^^^^ ^^^^^^^ 

ligation reaction is " ^j., target bases. 

35 whose end subunits are base-paired wi 
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Thus in the example illustrated, the probe elements 80a, 
80b Ire ligated, but probe elements 82a, a2b are not.^ ^ 

■ It can be appreciated that the ligation reaction Doxns 
an oligonucleotide carrying a sequence-specific polymer 
Chain to an oligonucleotide carrying a ^^-^^^^^^^^^^f "^!"; 
selectively forming modified, labeled probes, such P^°^^ 
84 composed of an oligonucleotide labeled at one end with 
a probe-specific polymer chain and at its other end with a 
detectable (fluorescent) reporter. 

Denaturing the target-probe complexes, as illustrated 
in Figure ID, releases a. mixture of ligated, labeled 
probes, corresponding to wildtype target sequences and 
non-ligated probe elements corresponding to point mutations 
or near probe element end subunits. ---/^J^^^^; 
labeled probe has a polymer chain which imparts to that 
probe, a distinctive ratio of charge/translational 
frictional drag, as discussed above. ^ ^. 

in the assay method illustrated in Figures 7^-^°' 
the target regions (^) contained a mutation which 
prevents ligation of the complementary-sequence probe 
L^ents It is assumed, by way of example, that the 

regions o£ . interest, of which regions B, and E, have 
IXtfons o. the type which prevent ^^^^-^-^-^^^^^^XTZ 
and the other six regions are wiXdtype "<^-"f 
to ligated, Xaheled probes. Figure 8 shows -^jf'^^'^ 
electrophoretic pattern which would he^ e:^e=ted ^ ^e 
ligation assay method. PeaKs 1-8 in the '^^ure are^ 
expected migration ti»es of ligated oligonucleotxde prohes 
0 h^in, increasingly longer polymer chains, such as 12^.. 
^ 5 S 7, and 8 linked HEO units. The 
electrophoretic pattern will show gaps at the 3 and 7 ,ea. 
positions, as indicated, evidencing mutations in the 3 and 

All unmodified DNA will elute 
7 target positions. ah u^uu 

5 substantially with the N - 0 peak. 
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Example 7 illustrates the general principles of probe 
ligation and separation, in accordance with this aspect of 
the invention. In this method, a 25-base oligonucleotide 
darivatized with 1 or 2 Phe-Ala-Phe-Ala tetrapeptide unxts 
5 and a fluorescent-labeled 25-base oligonucleotide were 
mixed under hybridization conditions with a target 
polynucleotide whose sequence spanned. the two 
oligonucleotides. The hybridized probe elements were 
treated with ligase, to form fluorescent-labeled probes 
10 with carrying 1 or 2 tetrapeptide units. 

capillary electrophoresis in a non-sieving, denaturing 
medium was carried out substantially as described above, 
and as detailed in Example 7. Figure 9 shows the. 
. electropherogram of the fluorescent-labeled probe before 
15 ligation (peaJc 12,621), and the same probe when legated 
with a probe containing 4-, or 8-amino acid polymer chains. 
AS seen, the two ligated probes (peaks 18.328 and 18.783) 
and the unligated probe (peaJc 12.621) are easily resolved 
by CE in a non-sieving medium. . \p 

20 in the above OLA ligation method, the concentration of 

probe can be enhanced, if necessary, by amplification of 
the derivatized probes with repeated probe element 
hybridization arid ligation steps. Simple additive 
amplification can be achieved using the target 
25 polynucleotide as a target and repeating the denaturation 
. annealing, and probe-element ligation steps until a desired 
concentration of derivatized probe is reached. 

Alternatively, the ligated probes formed by target 
hybridization and ligation can be amplified by ^^^^^^^ '^''^^ 
30 reaction (LCH) , according to published ^^^^^^ ^^^^Za 
. and also as described in Example 8. In this method, 
illustrated in Figures lOA-lOC, two sets of sequence- 
specific probes, such as --^i-^/^^ /^-f r doril- 
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Lf iC prooea, av*w»* — 

IB are employed for each target region of a double- 
stranded DNA, Whose two strands are indicated . at 170 and 
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172 in Figure lOA. One probe set, indicated at 174, 
includes probe elements 174a, 174b which are designed for 
seciuence specific binding at adjacent, contiguous regions 
of a target sequence on strand 170, as indicated, and a 
5 second probe set, indicated at 176, includes probe elements 
176a 176b which are designed sequence specific binding at 
adjacent, contiguous regions of a target sequence on 
opposite strand 172, also as shown. 

■AS seen, probe elements 174a and 176a are derivatized 
10 with a polymer chain, . and probe elements 174b, 176b, with 
a fluorescent reporter, analogous to probe set 32 described 
above with respect to Figure IB. After hybridization of 
the two probe sets to the denatured single-stranded target 
sequences, the probe elements bound to each target region 
15 are ligated, and the reaction products are denatured to 
release labeled probes 178, 180 (Figure lOB) . These 
labeled probes can now serve as target substrates for 
binding of probe sets 174, 176, as shown in Figure lOB^ 
with ligation now producing 2* labeled probes. This process 
20 is repeated, i.e., 11-2 times, to produce ideally a total of 
2- labeled probes 178, 180, as indicated in Figure IOC. ^ 
in the method described in Example 8 two pairs of 
probe elements were prepared, one set containing a first 
probe Which is derivatized with a polymer chain -staining 
25 either 2 or 4 dodeca ethylene oxide (DOE) units, as above, 
Inf a second probe which is labeled with a -1-rescence 
reporter" (JOE, . The pairs of probe elements were targeted 
against the F508 region of the cystic fibrosis gene. 

After 30 LCR cycles, DNA from the two reaction 
30 mixtures was combined and the amplified, ^^^^^^^/J^^J^^ 
. the mixture were fractionated by CE in a non-sievmg buffer 
under denaturing conditions (8 M urea). 
Tectropherogram is shown in Figure 11. Here thyea. at 
the left (pealc 19.058) is the unligated JOE-labeled probe^ 
35 The pea.s at 20.847 and 22.118 are the ligated, amplified 
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probes containing either two or four DEO unit chains, 
respectively. As seen, the two probes having different 
length polymer chains are well resolved from one another 
and from probes lacking a polymer chain in a non-sieving 
matrix. 

Although the probe- ligation method has been 
described above with respect to detecting mutations in each 
of a plurality of target regions, it is understood that the 
method is also applicable to detecting multiple target 
sequences related, for example, to the. presence or absence 
of different pathogen sequences, or different genomic 

sequences in a higher organism. 

A modification of this general method is illustrated 
in Figures 18A and 18B. In this method, each sequence 
specific probe, such as probe 204, includes a pair of probe 
elements, such as elements 206, 208, which are designed for 
binding to adjacent portions of selected sequence, such as 
sequence 210 in a target polynucleotide 212. Probe 206 
includes a binding polymer 214, a polymer chain 216 which 
imparts a distinctive charge/translational frictional drag 
to the probe element, and a reporter 218 which may be 
attached to the polymer chain or binding polymer. The 
second probe el^ent is an oligonucleotide which is 
ligatable with probe element 206, when the two elements are 
hybridized to the associated target sequence, as described 
above with respect to Figures 7A-7D. 

The probes are hybridized to the target 
polynucleotide, ligated, and released, as described above 
to yield a modified labeled probe 220 whose 
charge/translational fricitional drag ratio has been 
modified by virtue of the different 
polynucleotide/polymer chain contributions to the probe 
after ligation. The modified probes are then fractionated 
by electrophoresis in a non-sieving medium, as above, to 
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identify probes associated with different target sequences 

of interest. - 4. 

It will be appreciated that ligation of two 
oligonucleotides, in the absence of polymer chain, will not 
5 alter the electrophoretic mobility of the probe in a non- 
sieving matric, since the charge/ trans lational frictional 
drag of the probe remains substantially unaffected by 
polymer length. In the present case, however, the 
different contributions of the polymer chain and bmdxng 
LO polymer to the combined charge and translational frxctional 
drag of the probe maJces this ratio sensitive to the length 
of the binding polymer. 

Figures 16A-16B illustrates a related method for 
modifying polynucleotide probes, in accordance with the 
15 invention. The method here is used to detect the.presence 
of one or more sequences S, to S. associated with fragments . 
T to T , such as double-stranded fragments T, and T, shown 
at 150,' 152, respectively. The fragments are modified _xn 
this method by hybridizing with a probe composition whxch 
20" includes, for each target sequence of interest, - P--°^ 
probe elements, such as probe elements 152, 154 wh.ch have 
the general construction of the probe elements described in 
Figure IB. That is, the element 152 includes an 
Oligonucleotide 156 designed for base specific binding to 
.5 !ne region of fragment T„ and a selected length polymer 
Chain 157, and element 154 is a reporter-labeled 
oligonucleotide 158 designed for base-specific binding to 

a second region of the fragment. ^^^^i^d bv 

Xn the method, the fragments are modified by 

30 hybridization., in single-stranded for., with the probe 
elements in the probe composition forming fragments such 
ll fragment 160, with one probe having a selected- length 
polymefchain and a second reporter- labeled probe. The 
tlr^t fragment may be thought of in this method as serving 

35 a probe-liTa^ing function to join the two probe elements. 
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.^n.. the fragment itself does appreciably change the 
:re::roXretic".c.ilit. Of the ^^ne^ P-^^^^^^^^^^^^^^ 
. -,.ion.ted by electrophoresis, the method allows 
dentifr=rtton Of target se^ence fragments accord!., to 
, ^^rr'tLctive ratio o. charge/. rictional drag i-parted hy 
the polymer chain ih one of the probe elements.. 

primer ^initxatea <^t:' ^o.^^^ At least one 

the double-stranded target I ^^^^^ 

=trand of the amplified target regxons carries ^ P =^ 

TT 3hich imparts to each amplified fragment a 
Cham whicn J-^e , ^A^„^^ ^rictional drag. 

„ distinctive ratio of ^^^^^'"'^'^^^X^^ZTl during or 
The ajaplified regions may be reporter labeled 

1.B illustrate the method. Xhe figure 

tTtwo separate strands SO. « 
^ taraet polynucleotide 94 having at leasr on , 

20 Stranded target poxy region 96, to be 

Toirptbes eac. cons.t of ^J^J^^^, 
such as P^^^'^^^/^; sho-s a probe .a 

composed of prime^r «j. • ^ ind designed for 

. ^ ~ an oligonucleotide primer 104 aesig 
consists of an oxigon region 96, which 

--t-::-v;,:e:;:rs:uredr^^^^^^^ 

.„ t Xve-describe primer element - ^o 

is an oligonucleotide primer "^^^^ ,,„ies a 

a 5' end of the opposite strand region 96, «hi 
fluorescent reporter^at J—-^^ ,...e 

3S comporir:r:::cre: .ith the target polynucleotide under 



hybridization conditions which favor annealing of the 
primer elements in the probe composition to complementary 
regions of opposite target polynucleotide strands, as 
illustrated in Figure 12A. The reaction mixture is then 
thermal cycled through several, and typically about 20-40, 
rounds of primer extension, denaturation, primer /target- 
sequence annealing, according to well-known polymerase 
chain reaction (PGR) methods (Mullis, Saiki) . One 
amplified region, generated by the probe primers 100, 102, 
is shown at 100 in Figure 12B. 

If, as in the example illustrated, one of the primers 
is reporter-labeled, the double-stranded "amplified region, 
such as region 103, forms a modified, labeled probe having 
a polymer chain carried on one strand and a reporter on the 
other strand, where the polymer chain imparts to the duplex 
structure, a distinctive ratio of charge/translational 

frictional drag. 

Alternatively, the amplified sequences may be labeled 
in double-stranded form by addition of an intercalating or 
O cross-linking dye, such as ethidium bromide. The 
diff erent-sequenbe amplified probes can be fractionated m 
double-stranded form by electrophoresis as described above, 
based on the different ratios of charge/ trans latxonal 
frictional drag of the double-stranded species. 
5 in another approach, one of the two primer elements 

may contain both a polymer chain and reporter label, 
whereby the primer-initiated polymerase reaction produces 
modified, labeled single-stranded probes. 

The just-described method is useful, for example, in 
0 assaying for the presence of selected sequences in a target 
polynucleotide. As an example, the target polynucleotide 
may be genomic DNA with a number of possible linked gene 
sequences. The probes in the composition are primer pairs 
effective in PGR amplification of the linked sequences of 
5 interest. After sequence amplification, the presence or 
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absence of the sequences of interest can be determined from 
the electrophoretic migration positions of the labeled 

probes. 

In another application, it may be desired to assay 
which of a number of possible primer sequences, e.g., 
degenerate sequences, is complementary to a gene sequence 
of interest. In this application, the probe composition is 
used to amplify a particular sequence. Since each primer 
sequence will have a distinctive polymer chain, the primer 
sequence complementary to the sequence end regions can be 
determined from the migration characteristics of labeled 
probes. AS with the other applications discussed above, 
the method may involve including in the fractionated probe 
mixture, a series of oligonucleotides derivatized with 
polymer chains of known sizes, and labeled different 
reporters groups than, are carried, on the test probes, to 
provide migration-rate standards for the electrophoretic 

separation. ^ 
in still another application, the amplified target 

20 fragments are labeled by hybridizing to the amplified 
sequences, with such in single-stranded, form, a reporter- 
labeled probe. This application is illustrated in Figures 
13A and 13B, whi6h show an amplified target sequence 112 
having a polymer chain 114 carried on one strand. The^aim 

25 of the assay is to determine whether any, and if so which, 
of the one or more fragments produced by the primer probes 
contains" a sequence complementary to the probe sequence 
in this example, the fragment 112 contains a region 116 
whose base sequence is complementary to that of a known- 

30 sequence probe 118. .^.^^^ 
Th^ fragments, such as fragment 112, are hybridized 
with the one or more labeled probes under standard 
hybridization conditions, binding probe 118 to the strand 
of fragment 116 which contains the polymer chain, thus 



forming modified, labeled probes which can be fractionated 
by electrophoresis, as above. 

Figures ISA and 15B illustrate another method for 
modifying PCR-generated target fragments, such as double- 
5 stranded fragment 130, composed of strands 132, 136. In 
the embodiment illustrated, strand :132 has been 
fluorescent-labeled with a reporter 13 4 at one fragment end 
during amplification. The fragment strand can be reporter 
labeled by a variety of methods, such as by nick 
10 translation or homopolymer tailing in the presence of 
labeled dKTP's,, or by PCR amplification using a reporter- 

laieled primer • 

The amplitisd fragments axa mixed Wltn a probe 
composition that includes a plurality of probes, such as 

15 probes 133, 140, 142, designed for se^ence-speolfie 
binding to different-sequence regions of one strand of the 
target. Probe 133, which is representative, ™« " 
oligonucleotide 144 having the desired «gion-spe=lf ic base 
sequence, and a polymer chain 146 which imparts to each 

20 different-sequence probe, a distinctive ratio of 

charge/frictional drag. ' h„ 

in the method, the fragments are modified by 
hybridization, in single-stranded form, with the P-^-J"" 
the probe composition, forming fragments, such as fragment 

25 150, with one or more double-stranded regions corresponding 
to probe binding. The modified fragments are reporter 
labeled -in one strand and derivatized with one or more 
selected-length polymer chains ^ "P^""' f ""^ 
The modified fragments are then fractionated in double 

30 "randed form electrophoresis, to fractionate ^= 

according to the number and size of polymer chains 
associated with each fragment. ^ 

Thus, for example, in the method illustrated, the 

. fragment 132 binds probes 133, 142, and thus has been 
35 ZZl^ to carry a total of i.^ poly-er chain units. 



36 



Since the fragments will migrate, on electrophoresis, wxth 
migration times which are dependent on the total number of 
polymer chain units attached to the fragments, the probers) 
associated with each fragment can be identified. This 
».ethod can be used, for example, to examine the distance 
between Icnown sequences within genomic DNA, or for 
identifying linked sequences. 



C. PT-oTr»a Ex tension 

A third general method for forming labeled probes, xn 
accordance with the method of the invention, is il^--^^^^^^ 
in Figures 14A and 14B. In this method, a single-stranded 
targeHolynucleotide, such as shown at 12 0 in ^^J^^' 
is reacted with a probe composition contaxnxng a plurality 
Of probes, such as probe 122 which are <1--^-^ 
specific binding to selected regions of the ^^^^^^ 
a22. Which is representative, is like probe 20 xn Fx^a 
XA, and includes an oligonucleotide having a free 3^--end OH 
group and a selected-length polymer chaxn carrxed at xts 
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20 end 



»ft«: binding tHe probes to tba target, the probes era 
- treated witb DN& polymerase I, in the presence of at least 
- ::: r:porter-labeled ^. as sbo«n. Oye-labeled d^Ps can 
be syTtbesized from .co^ercial starting Materials. For 
« e"a>.re, a^o T-dOTP (Clcntecb, Palo ^Ito. C^) can be 
re^^ted witb fluorescein «HS ester (Molecular Probes, 
::::::! under standard coupling --^^^^^^ ^ ^^1^^ 

fl!orescein-labeled dt^P. The polymerase -"^'f 

oresenoe of all four nucleoside tr xpbospbates , to 
30 lUrZ . end Of target-bound probes ^0^1^^^^^- 

:L-irm:.i^r'^reierprb?s%i^^ 

:riy:i"l.ins associated -itb eac. ^^^^^ 
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coupled to the modified nucleotide, e.g., amino-7-dU, after 
.incorporation into the prohe. Each of the ^i"--^" 
sequence modified, labeled probes has a distinct ratxo of 
charge/tranlational frictional drag by virtue of 
5 distinctive polymer chain. 

After probe extension, the probes are released from 
the target and fractionated by electrophoresis, as above, 
to identify the migration positions of. labeled probes 
corresponding to secjuences contained in the target 
10 nucleotide: 

. IZ^^ 17X and X7B Illustrate an=tl>er e^=d^.nt of 

^...e^d Of «.e invention. In tnis method, the probe 
,5 ^position includes a plurality of -^-""^f^^f/;^ 
\ proLs. such as ^^^^-^^^1^^^ ^ 

188 probe 184, Which is representative, xncludes a probe 
188. i^ra« ^ - <=t-rst single-stranded DNA 

20 binding polymer ISO ^"-^""^'^^J^f ^/^whioh includes 
se^ent 1S2, and a second ^"^^^^^^ „S 

sinale-stranded EMA region 196. A poxyme ^ 
I^Ic^ed to the binding polymer's first segment imparts to 
attacnea t. c:+-inctive charge/ trans lational 

the binding polymer, a distinctive cna g / _ 

25 friction drag ratio, as discussed above. A reporter F xs 
Itta^L to L second segment of the binding polymer. In 
^!^!l"ar the polymer chain and reporter are on opposite. 
O^es :f ^e^/regTon, so that selective cleavage in tbxs 
■ ::rion wm separate the probes first segment and attached 
30 polymer chain from the reporter. _ ^.^ 

in the method, the probe composition is rea _ 



':=lea.e, such as BNase H. which is a.le to dup « 

BHA/DNA selectively (Dude) . thus cutt.n, each prcbe .n .ts 

RMA binding region. j.n.tuired 
The hybridization reaction is now l^-^'"^^^' 
releasing for each specifically bound probe, a modxf«d 
llwed p;obe Which Xacs its polymer chain , and thus now 
tes as a free oligonucleotide by electrophoreses in a 
rorsieirg -edi- xn ^an alternative e^odi^ent <not 

.0 poiy^er chain ^y be ^aI: 

="^J%":e^rs rp;rtTon"rr -nding poller, 
AtZ le cosine" charge/co^ined translational 
rrr=:rn:i ra, of the labeled probe (which ^cntains ^ 

- — phortfo .obLty-n^'prorin rrLving 

.ediv-, with respect to the ""^^-^^f "jTeavage .ode of 
in another embodiment using the cleavage m 

25 Which Shows a target polynucleotide 222 with ^ 

228 having a subunit 229 adjacent the polymer s 5 «d 
228 having a ^ ■,. „„ , colvmer chain 230 and a 

Attached to this subunit are ^ 

30 ---- ° -or^^ 

::imr 2r;rhrcht: dl-lgned for seguen=e specific binding 

^v. uDStTeaitt of the region 224. 

to the target, upsx^ea „^«_cr.ecific probes 

Xn practicing the method, the "<^-"Jf 
35 and a set of prliaers, such as primer 234, are 
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The reaction mixture is now treated with a 



the target polynucleotide under hybridization conditions, 
to hind associated probes and upstream primers to 
different-se^ience regions o£ the target. The target and 
attached probes are now treated with the above polymerase 
in the presence of all four nucleoside triphosphates, 
resulting in extension of the primer in a S' to 3' 
direction, as indicated by =c<s in Figure 19B. « the 
polymerase reaches the 5' end of the adjacent probe, xt 
cleaves off the 5' end subunits from the probe. As shown 
in Figure 19B, cleavage of the subunit 229 from the probe 
releases a labeled probe 236 composed of base 229, ^=P°"« 
232, and polymer chain 230 which imparts to the labeled 
probe, a distinct ratio of charge/translational fractional 

^*''lt will be recognized by one skilled in the art of 
molecular biology that many variants of the 
are practical; using ewonuclease activities not lxn3ced to 
;:ty!erase activities <e.g.. the K-terminal selective 
Cleavage fragment from coll polymerase ^ 

exonuclease of bacteriophage X, , using 
proofreading exonuclease activities of ™^ 
polymerases (in which case the polymer ^^i-/" ^» 
rep^ter F preferably are attached to the 3' e"^;'^- 
„^Le and this 3' end comprises one or more nucleotides 
, ri:::;ch:: To th. template polynucleotide ISS of Fi^e 
or using any of a wide range of seguence-specif i= 
rndi;ucreases such the restriction -—J-;;;-^ ^ 
,11 of these cases, the preferred embodiment locates ^ 
reporter and the polymer chain; on the "^^//^^^ 
0 clLvage site(s, , such that they remain covalently linked 
0 cieavage i^^,-i-ional Dolvmer chains may or 

subsequent to cleavage. Additional poiym . _ 
.ay not be added to the probe on the opposite side of the 
TiLvage site(s) fro. the reporter in order to .pt..i.e the 
resolution of labeled probes from unlabeled probes. 



E P-robe C a pture 

■ I fifth general embodiment, illustrated in Figures 
20A-20C, involves probe capture and release from an " 
immobilized target polynucleotide. Figure 20^ sho«s t^e 
addition Of a plurality of probes, such P"'^"/" , 

a target polynucleotide 24B ""'-^"^"^ /^"^^^^ 
seouence regions of interest, such as R,, P,, and R.. Probe 
:r Which is representative, includes a binding polymer 
250 a polymer chain 252 which Imparts to that probe, a 
Ti ;in=t'ive':atio of ch^ge/translational ^-^^-^^ 
aT,d a reporter 254 attached to the binding polymer, in this 
Ts. to S polymer chain attached to the binding polymer. 
:r:;e Lbod^ent shown, each dif ferent-se^ence probe has 
a Afferent length polymer chain for achieving the 
distinctive charge/translational frictional darg 

l^he probes are reacted with the target polynucleotide 
^der hybridization conditions, as above. Xn the met^^ 
illustrated in Figure 20A, probes 240, 242, ^J*t^'f' 
bybridize with a complementary se^ence - "^^ns R.,^, 
o respectively, of the target polynucleotide. It is 
u^Jd?n Tis exam;ie that the target polynucleotide does 
assumed m "cnis ejtctAut*-i. -^^ i oavina 

not contain a region complementary to probe 244, leaving 

this probe tanbotind. 4.>,«„ treated to 

Ttie target and hybridized probes are then ^^^^^^^^^ 

j.ne v-cii.y 4.-^^ TViis is done in the 

5 immobilize the target polynucleotide. Thxs xs 

a region K. of the target P^^^-^.^'^^^'^^^^^' Pi^e 20B. 
target to the solid support, as. -"^--"^ ^. nlTwashed 

0 ,he support 

^° Tn^ri tr^, step, the washed solid support 

mixture is denatured to release bound probes, such - 
mixture 1 ^^^^ then 

. rcrionre'd bre'lec^ophoresis in a non-sieving medium, to 



iaen.ify .arget s.^enc.s. o„ t^e basis 

.lactxophoretic positions of tlie fractionated, labeled 
probes . 

, the foregoing, it will be appreciated bow various 

oblects and features of the invention are met. The nethod 
objects an sequences to be assayed xn a 

: :re- ort :ssry. With Uid identification Of se^^^^^^^ 

aLLding to the migration distances (-^^^^ ^^^J^;^, 
different-length polymer chains associated vxth sequ 

^^^"^e — - separation Of charged 

.^diT, m!le^les. such as oU-uc-otides^xn a s^^^^^ 
electrophoresis method which does not require 
^^i..' xn particular, this c. -----"^^tmy 

Totilts whr haj: .^^^ identical 

Oligonucleotides, all or is that tHe plural 

sizes. one advantage of thxs feature xs ^ 

oised in tHe method can all have similar or the s 
probes used ^ ^.y^ridized with target sequences 

J sizes, and thus can ue ny kinetics and 

with about the same hybridization kineti 

thermodynamics (T„) . . „ -readilY synthesized 

The probes of the invention c^be readily ^^^^^^ ^ 

by conventional solid-phase methods In ^^^^ 
X. 4- a selected number of units can 
' r^.^'^rJ^^X^^^o..... by conventional solid-Phase 

synthesis methods. 

following examples «^P- a" 

,0 maJcing and using polymer-chain probes ^h- J 
intended to illustrate , but not limit the 
invention. 
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Hexaethylene glycol, 4,4 -dimethoxytrityl chlorxde, 
triethylamine, diisopropylethylamine, acetic acid, 
pyridine, methanasulf onyl chloride, sodium hydrxde, 2- 
cYanoethyl-N,N,N' .N-tetraisopropylphosphorodiamidite were 
5 Obtained from Aldrich, Milwaukee, WI. ^^-^P-^^^^" 
. tetrazole salt, FAM-NHS/DMSO JOE-NHS/DMSO and TAMRA- 
NHS/DMSO were obtained from Applied Biosysteras (ABI , 
Foster City, CA. (Linicer Arm Nucleotide) 5 -dxmethoxyl- 

tritYl-5- (N- (7-trif luoroacetylaminoheptyl) -3-acrylamide) - 
10 2'-deoxyuridine-3-phosphoramidite was obtained from 
Molecular Biosystems, Inc., San Diego, CA. 

Sephadex G-25M PD-10 columns were ^^^-^^^^^^ 
Pbar^cia, Uppsala, Sweden. Derivati.ed ^^^^^"^ 
were purified using an ABI HP-300 (C8) colu^^ ^^'^^ 
^) using a flow rate of 1.5 ml/min and a ^ad^entjf J • 1 , 
M triethylammoniumacetate/water pH 7.0 and. acetonitrile- 
DNA syntbesizer: 3 8 OB, ABI, Foster City, CA. 

The reactions described in tnis example are 
illustrated in Figure' 2 and are si-ilar to cload and 

r''^e;ho=cytrityl (D^, -protected hexaethylene oxide 

" ""°\7.0 ^ (95.. ^ol, ot H.0 was dissolved in 100 .1 
^tdl„e" TO this solution at room temperature was added 
ndrion o. .7.0 ^ mmol, o. -1^=-=^-^ 

Lloride in ISO ml P^idine =ver 10 hr The - 

30 stirred at room temperature ovemxght (15 ^r-) ^» 

was removed in vacuo and the residue was "'^"-f ' ^ ' 
was rem and the organic 

ml EtORc and 100 ml H,0, 2 x luu " „_oved to 

layer was dried over Ha,SO.. The solvent was ^-<=''-^ ^° 
give a dar>c orange oil (2S.2« gm, . The '^^^ ^^^ llT^, 
35 p^ified by silica gel chromatography usxng 200 gm ^.esel 
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™l so and eluding with 2% »ethanol-«ethylan. =hXora.d. 
!siUoa gel was basif ied with trlethylamine) . Appropriate 
Lctions were co^ined to give 29.52 gm (=0.49 ™«ol) of 
Lpound 1. Analysis of the D«r-protected HEO (compound X 

in Figure 2) showed: ..i^i 3 75 

C300 HH. COOl,, »7.5-6.S (-It-, X H 
(S, SH, OCH,), 3.6 (20H, -Ult. , OCH.-CH,0) , 3 . S (2H, BUlt. , 
CHj-OH), 3.2 (2H, t, CH.ODMT) . 
B DMT-Protect HEO phospUoramidite 

X gm (1.7 mmoX) of. D«T-prote=ted HEO from Example lA 
ebove aTd 0.029 g (0.X7 mmoX) of tetrazoXe <^ii=™^ 
a-moniu- were dissolved in 10 ml methylene ^loride 

under Inert atmosphere. To this was added 0.59 g. of^ 
cyanoethyl tetraisopropyl phosphordiamxdite and the 
15 Z^ure. was stirred overnight at room temperature. The 
" rcri:n ml^^ure was washed -- ---- ^ 

NaHCO brine and dried over Na^SO,- Tne s ^ 
Naiic-Uj, and the product was 

^ 4-^ rr-ive 1.58 gm crude oil, ana 

;:°f ed"y"las: ohro^Ltography though 3iU=^ - 

- eluded with - ---- -olT Of" 

trietlxylamxne) . 0.8 ' _ recovered. 

phosphoramidite (compound 2 in Fxgure 2) w 

C DMT-prot3cted HEO metlxanesulf onate (mesylate) 

. riOO ml methylene chloride was dissolved 10-4 ^ 
o il^ of DMT-protected HEO from Example lA above. 
.5 (17.8 4.59 gm (35.6 mmol) of 

The solution was ice co f^ii^wed by the addition 

T7t:^i^t'z:::' — • 

fe Jtiol m'iJ::e was stirred for 30 minutes and ^en was.e^ 
30 With a saturated solution of ^ 
Na,SO,. The solvent was removed xn vacuo to g 
of the mesylate (compound 3 in Figure 2) . 

O. „^-protected HEO dimer ^^^^ ^^ ^^^^^ 

To a suspension of o.b^ -.nor 
„ hydride in isoll freshly distilled tetrahydrofuran at 10 
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was added 10.14 9m (36.0 »mol) of hexaethylena glycol over 
1 „inute, and the mixture was stirred tor at room 
temperature for 30 minutes. To this was added a solution 
of 11 93 gm (17.9 mmol) of HEO mesylate from Example IC 

5 iLve 'in ml tetrahydrofuran. The reaction mixture was 

' Tarled to .0-.o== for 3 hours, after which the - ^ vent "as 
removed in vacuo and the residue was brought - 
Of .ethylene chloride. This was washed with 3 x 100 ml H.0 
^rine and dried over N„SO.. The solvent was removed ^ 

,0 vicuo to give a crude oil (13.37 gm), which was purified by 
rilica gel chromatography as in Example lA above. 10.0 g- 
!i\he DMT-prote=ted HEO dimer (ll.S mmcl) was recovered. 
I^aSsis of the material (compound 4 in Fi^e 2, showed: 
(300 «HZ COCI3, .7.5-6.S (mult., 13H aromatic,, 

IS 3.75 (S, 6H, OCH,,, 3.6 (20H, mult.. OCH,-CH,0) , 3.5 (2H, 
mult., CH,-OH,, 3.2 (2H, t, CH,OD«T, . ^ ^ ^ 

E. Phosphoramidite of the DKT-protected HEO dim. 

rcomDovmd 5 in Figtire 2) . _ 

1 gm (1.17 mmol, of D»r-protected HEO dimer frpm 
. T.Td and 20 mg (0.12 mmol) of tetrazole diisopropyl 
" Tnll salt were dissolved in 10 ml .ethylene chloride 

. ^ =.-h™o.,r,here To this at room temperature was 

::::: rn- 3r:moi, of ..^cethyi tetra— 

phosphordiamidite. After 15 hr. , 
25 with saturated HaHCO,, brine and dried ^J^J^'X . 
solvent was removed in vacuo to give crude oil 
^hich was purified by flash chromatography as in Example 
Ib 0.76 g^ (0.73 mmcl, of purified product --J^™^; 
analysis of the purified material (compound 5 in Figure 2, 

3 0 showed: 

3^P-NKR (CD3CN, H decoupled) : 5151 (s} • 

.■ .^.>,^^.c: of rHEOl mains linked ^ 
w.-eiiT-atha— ^"•'Y'' Groups 

1 C - 



Thi reactions described in this Example are 

illustrated in Figure 3. , . ^„ ' 

Hexaethylene glycol (10.0 ml) was added dropw.se to 
tolylena-2,4-diisocyanate (TDC) (17.0 Ml) under argon at 
30-3S'C An ice bath was used to control the exothermic 
reaction. The reaction was allowed to stand at room 
temperature overnight; washed with hot hexane (lOx) to 
rZve excess diisocyanate, and concentrated under reduced 
pressure to yield the crude bisisocyanate product (compound 
fi Fioure 3) as an amber oil (30 g) . 

' Tsolulicn Of the above crude bisisocyanate (2.3 g 
and hexaethylene glycol (7.0 ml) in dichloromethane (25 .1) 

stirred at room temperature for 1 hour 
:::utyltindilaurate ,0.1 mi. ^^-^^^r^^ 
i at room temperature for 22 hours, dilur 
:!chloromethane and washed with water (4 x 20 ^ 
maS04) • and concentrated under reduced pressure to give 
^f crile diol product (compound 7,. Figure 3, . as an amber 

':-:c!i;icn of BKT chloride (1.2 g) in dichloromethane 
,,0 ml) was added dropwise over 2 hpurs under argon at room 
Lperlture to a stirred solution of 

(4 4 g) and triethylamine (0.6 ml, AlOri. , 

^>,,.,« f25 ml) The reaction solution was stxrred 
!tnrCpe»:"e fo-r? hours and washed with water; 
::i:dT«gS04K- -d -ncentrated.under reduced pressure to 
give the'crude DHT alcohol product as an <=.^^^ 
lolumn Chromatography (triethylamine J* 

crude DMT alcohol gave cne 
methanol/dichloromethane) °^ „^ 3 ^3 , viscous 

-xn nurified DMT alcohol (compound 8, Figure 3j a _ 
30 purxfxed D Analysis bf the compound showed:, IH 

:Z7cncl - SS .-"s\. J, ISH), .4.3 (., KC(0)OCH., 8H), 
T/X:'c^^o\ eH)/.;.S5-3.7S (m, S.H) , (t, 

DMTOCH2, 2H), « • 15 (m, CH3Ar, 6H) . 
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i-Cyanoethyl-N.N.N-.N-tetraisopropylphosphorcdiimidite 
(0 20 ml) was added vmder argon at room temperature to a 
Llrred solution of the above purified OKT alcohol and 
tetrazole-diisopropylamine salt (12 mg) 
5 dichloromethane (5 ml, . Mter stirring at room ^-P^^^"^" 
for 4 hours, KaHC03 solution as added and 
minutes The dichloromethane layar was diluted with more 
:r=:::r;methane and washed with .rine; dried . <Kg«U. ;^nd 
concentrated under reduced pressure to gz.ve the crude 
.0 ::::::rramldite product , (compound Figure as an amber 
oil (0.88 g). "P NMR (CDCl,): 151 ppm- 

. --^^'-^^"n -^^^--...-^.o^^^>^'^ wifb PEO Chains 

3.5 The reactions described in Sections B and C are 

illustrated in Figures 4 A and 4B, respectively. 
A Preparation of Oligonucleotide < 

r 48-base oligonucleotide having the se^ence 

- --^-:~f ^^^^^^^^^^^ 

.^!Line-.ON (Oligonucleotide) CPG (Clontech, Palo Alto, CA) 
Ld*::::»HS Ux, according to P^l.s.ed methods 
2S Biosystems. Caruthers, Connell) „^ 
phosphoramidlte chemistry on an Applied B..osystems 

TTlfrnuc-otide oerivatized with .BO Chain 

The support-bound oligonucleotide from ^'^^^'"^ 

r^=:=~^ r s^r i: 

-^'"^"tr^s rtrp^tymr^^iain with la ethylene o.ide 
3S rrits* ;:e dUvLired oligonucleotide (compound 11 .n 
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figure 4 A) -as cleaved ott U>e colu-n vi«x trityl on, and 

collected product (compound 12 in 
purified by IKraid chromatography, using an ABI «^ "° 
8, 4 6 >c 220 nm, colmm and a O.m triethylaBmonium 
S 'Ut; and acetonltrlle solvent syste.. The derivatxzed 
oligonucleotide is shown as compound 12 in Figure 4X^ 
c Oligonucleotide derivatized with bisurethane tolyl 

linlced PEO Chain. . 
The support-bound oligonucleotide from ^-P^- 
fO 1 oligonucleotide) (Compound 10, Figure 4B) 

10 above (0.1 M»ol oxig • bisurethana tolyl- 

was reacted with a phosphoramidite PEO oi ,^„aard ■ 

linked polymer prepared as in Example 2 using ^^^^^^^ 
P tolyl-llnlced polymer indicated 

OHA ''f '*!";^X;t-hL-T-HBO in Figure 4B corresponds to 
by subunit -<-=^^^ ^ aerivatizsd Oligonucleotide 

iS ""'°'"\< :\^'^;:,^\b) vas cleaved off the column and 
(compound 13 in Figure »bj „„_i(»iad by liguld 

deprotected with trityl on, and P^>-«^^ 
Chromatography, using an ABI BP-300 -"-l^^^'V^ 

,0 acetonitrile solvent system, ^e colle^ed P^^^^^^^^^^ 

:riro::ri::..rrs shr:; =0^.;. - Figure 43. 

1 , rr- ^--^^^r^r.. -bo ^T, Oligonucleotide 

25 qiirrpqsT,ve ^ ^. • Example are 

The reaction steps described in this 

illustrated in Figure 5. 

A. FAM-labeled oligonucleotide 3e^ence 5' TTG 

A 26 base oligonucleotide having the seguenc ^ 
.n aTG TTT CCT ATG ATG AAT ATA-LAN-T3 ' was made on an^ABI 
30 GTG TTT standard phosphoramidite 

model 3S0B D«A synthesizer us.ng standard P P 

Chemistry (composition IS in Figure ^) " ^.^.^^tems 
modified deoxyurldl„ephosphor3-.d.te («ole^^^^^^ _^J^ ^^^^ 

ri^rco\r^ir«.ry^on -anual protocol a^er 
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completion of synthesis. The column material was divided 
into 10 separate o.l ^tiaol colvimns. 

All of the subsequent oligos were cleaved off the 
support with NH,OH and purified first by HPLC using an ABI 
5 RP-300 (C-8) column (4.6 x 220 mm) using a flow rate of 1.5 
ml/min. and a solvent gradient of 0.1 M triethylammonimn 
acetate-water pH 7.0 and acetonitrile , then . after the 
specific modifications described below, the trityl is 
removed and the product were isolated by HPLC using the 
10 conditions described above. „ ^ 

The cleaved oligonucleotides were labeled with FAM by 
adding a solution of the amine-labeled 26 mer with 15 ^1 ot 
FAMINES in DMSO (ABI) and 40 ^1 of ^ NaHC03/Na,C03 pH 9.0. 
After 2 hours the reaction mixtures were passed through a 
15 Pharmacia PD-10 Sephadex G25M column (Pharmacia) and the 
collected samples were then HPLC purified. After removal 
of the solvent the samples are detritylated with 80% acetic 
acid-water. The solvent was then removed in vacuo and «xe 
residue was brought up in 0.5 ml H,0 and is LC purified.; 

FAM Labeled PEO-Derivatized Oligonuclfeotides 
DMT-protected phosphoramidite HEO units from Example 
IB vere added to €he 5' end of the oligo from Example 4A by 
standard phosphoramidite chemistry on solid support 
25 yielding the composition 16 in Figur 5. one to ^ P-J^^^ 
were added on in separate reactions. The — 
modified- Oligos were cleaved from the solid support 
(Compound 17, Figure 5) as above, and labeled /^^^^f 
purified (compound 18, Figure 5), also as described above. 

30 

C PEO-Derivatized Oligonucleotides _ 

A 25 base oligonucleotide having the sequence 5 GGC 
ACC ATT AAA GAA AAT ATC ATC T 3' was made as described in 
Example 4A. DMT-protected phosphoramidite HEO units were 



20 
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added to the 5' end of this 25 mer and purified as 
described in Example 4B. 

Igvample 5 

5 ^^^^,, q.fion ^ PPntidP tn an OUgonticleotide 

A 25 mer oligonucleotide was synthesized on CPG solid 
support with an ABI DNA synthesizer. To the 5' hydroxyl of 
the CPG supported oligonucleotide was added N-MMT-C, Amino 
Modifier using standard phosphoramidite chemistry. Thxs is 
10 a monomethoxytrityl protected amino linked phosphoramidite 
which is commercially available from Clontech Laboratories, 
Palo Alto,. CA. The monomethoxytrityl group was removed 
using a standard trityl cleavage protocol on a DNA 
synthesizer and the DNA synthesis column was then placed on 
X5 an ABX Peptide synthesizer capable of P-/°"^"^^^°^ 
Chemistry. Using standard FMOC peptide synthesis 

protocols, a four and an eight unit amino acid peptide was 
conjugated onto the 5-terminal amine of the CPG supported 
oligonucleotide. After completion of the synthesis, the 
20 terminal amine of the peptide was acetylated using a 
standard peptide capping protocol. • 

The synthesis column was then placed onto an ABI DNA 
synthesizer and th'e peptide-oligonucleotide was cleaved off 
the support and purified by HPLC using the conditions as 
.5 previously described to produce the peptide- 
oligonucleotides AC (Phe-Ala,, ,-NH(CH,),-phosphate 5 GGC 
ACC ATT i^^ GAA-AAT ATC ATC T-3 ' . Ligation of the peptide- 
oligonucleotide to a fluorescent-labeled oligonucleotide in 
the presence of an oligonucleotide target was P-^°"-^ ^ 
. ^ 1^-711 rp analvsis is shown in Figure. y. 
30 described in Example 7A. CE. analysis x 

Fvample 6 

Elr -^^" r>-"^^^i^ qpparation of Probes 

w i_ was carried out using 

Capillary electrophoresis (CE) was carrie 

^ • i,,^i^rt It laser-based detector. Tne 
35 a CE breadboard including a laser Dase 



so 

a . manual 



systems includes a high-voltage power supply, 
vacuum pump, and a PMT detector with a 530 nm RDF filter- on 
the detected light. The laser was a 40 mW Ar ion laser. 
The capillary tube used in the system was a fused silica 
5 capillary tube 55 cm long with a 50 ;,m i.d. and 350 

The grounded cathodic reservoir and the anodic 
reservoirs were filled with 75 mM tris-phosphate , pH 7.6, 

containing 8 M urea . 

A DNA mixture containing the four 26 mer 
10 oligonucleotides derivatized with 0, 1, 2, or 4 phosphate- 
linked HEO units, prepared as in Example 4, was diluted 
with 89 mM tris-borate buffer, pH-7.6, to a final DNA 
concentration of about 10- M. About 2 nano liters of the 
DNA solution was drawn into the cathodic end- of the tube by 
15 electrokinetic injection. 

The electrophoretic system was run at a voltage 
setting of about 15 kv (about 270 V/cm) throughout the run. 
Fluorescence detection was at 530 nm. The detector output 
signal was integrated and plotted on an HP Model 3396A 
20 integrator /plotter. _ a 

The electropherogram obtained is shown, m Figure 6. 
The numbers above the ma j or peaks are electrophoresis 
times, in minutes. Total run time was about " ---- 
The fastest-ruxming peak, having a run time of 20.397 
25 minutes, corresponds to the underivatized oligonucleotide^ 
The Oligonucleotides with 1, 2, and 4 HEO groups have 
migration peak times of 20.612, 20.994, and 21.559, 
respectively- 
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^,„n n ri— n n ctrnphorPtic sepa ration 

A. Ligation of Probe Elements 

A first probe having the sequence 



5' GGC ACC ATT AAA GAA AAT ATC ATC T-3 ' was derivatized 
with a either a . tetrapeptide Phe-Ala-Phe-Ala , or an 
octapeptide Phe-Ala-Phe-Ala-Phe-Ala-Phe-Ala according to 
methods given in Example 5.. A second probe having the 
sequence 

5/ p-TTG GTG TTT CCT ATG ATG AAT ATA G JOE 2' was prepared 
by standard methods. 

The probes were targeted against a 4 8 -base 
oligonucleotide representing the F508 region of the cystic 
fibrosis gene- Probe hybridization to the target and 
ligation of the hybridized probes was performed 
stxbstantially as follows: 

Peptide-derivatized oligonucleotide (50 nM, 20 itl.\ , 
and the fluorescence-labeled oligonucleotide (SO nM, 20 ;tl) 
5 were mixed with target oligonucleotide (50 nM, 20 /il) ; 
salmon sperm DNA (4 ug/10 ^1, 20 mD / 1°^ reaction buffer 
(200 mM Tris.HCl pH 7-1; 1 M KCl; 100 mM MgCl,; 100 mM 
dithiothreitol; 10 mM nicotinamide-adeninedinucletide) (20 
al) - ligase (30 units, 100 units/;*l. Epicentre Technologies 
0 Ampligase, Madison, WI) and 100 ;xl of distilled water. The 
prepared sample was overlayed with 50 ul of oil and heated 
in a Perkin-Elmer Cetus DNA Thermal Cycler (Norwalk, CT) at 
94 -C for 3 minutes and then at 62 -C for 60 minutes. 

5 B. capillary Electrophoretic Separation of Probes in a 

Non-Sieving Medium 

A released ligated and non-ligated probe from above 
was ethanol precipitated and analyzed by CE electrophoresis 
in a non-sieving matrix. The capillary tube was a DB-5 

0 coated capillary (J&W Scientific, Folsom, CA) , 55 mm long 
40 mm to detector. The capillary was coated with a 0.5% 
surfactant solution prior to electrophoresis to render the 
capillary wall more hydrophilic. A variety of surfactants, 
such as BRIJ« and TWEEN™ jef famine class surfactants, are 

15 available for this purpose. 



52 



^ 10 m sample, heated to 95-C for 2 minutes, was 
drawn into the tube. The buffer medium and electrophoresis 
medium was a 75 mM Tr is -phosphate buffer, pH 8.0, 8 M urea, 
10% (v/v) MeOH. Electrophoretic run. conditions were as 
described in Example 6. The electropherogram results are 
shown in Figure 9, discussed above. 

^vample 8 

10 The following lour probes were prepared: 

,1) 5' GGC ACC ATT AAA CAA AAT ATC ATC T-3 ' derivatized at 
its 5' end with, a either a 2 or 4 unit DEO (dcdecyl 
ethylene oxide) poly-er chains, according to ^yr^t^^l^. 
. methods described in Example 4, except in this case the 
15 units are 12mers (2 or 4 12mers) of ethylene oxide; 

(2) 5' P-TTG GTG TTT CCT ATG ATG AAT ATA G 3'-J0E, prepared 

as in Example 7. ,/-OB 
(3, 5' KOX-CIA TAT TCA TCA TAG GAA ACA CCA AA 3 -OH, 
prepared according to published methods (Applied 

" trs^^Xi^^ TTC TTT AAT GGT GCC-3 ' TA«KA, prepared 
^ilh 3'-Amine-OH CPG, 5 ' -Phosphate-0» and Tamr.-HHS (ABI) 
using published ..ethods (Applied Biosystems, Caruthers, 

„ """'prUes 1 and 2 are designed to span a portion of one 
strand of the FSOS region of the cystic fibrosis gene, as 
r^pie Probes 3 and 4 are designed to 

;:rtion Of the rsca region of the '^^"^^^-'"^"^l^H^Z 
gene Ligase chain reaction was performed according to 
gene. i-iy . „ - RT-l.flv LCR assays were 

30 published methods (Winn-Deen) . Briefly, 1 . s 

carried out in 20 mmol/I, Iris-HCl buffer, pH 7.6 
!oItItning 100 mmol of K*, 10 mmol of «g", 10 mmol of 
containing i" •,.„„ v-ioo and 1 mmol of NAD* per 

dithiothreitol, 1 ml. of Triton X-100, ana ^ 
liter. Each 100 of reaction mixture contained 1 pmol of 

3, each of the four oligonucleotides and IS a of thermal 
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To 



stable ligase (Epicentre Technologies, Madison, WI) . 
mimic the complexity of the human genome, we added 4 |tg of 
herring sperm DNA to each reaction mixture. Reactions were 
carried out in IOO-mL aliquots overlayed with 100 ;.L of 
mineral oil in Thin Walled Gene-Amp« (Perkin-Elmer Cetus, 
Norwalk, CT) reaction tubes. All LCR reactions w^re run xn 
a Perkin-Elmer Cetus model 9600 thermal cycler for 30 
cycles of 94-C (lOS) and 60-C (2 min) . At the end of the 
cycling protocol, the reactions were cooled to 4«c. 

The sample was ethanol precipitated and analyzed by CE 
electrophoresis in a non-sieving matrix. The capillary 
tube was a coated capillary, as in Example 7. ^ jsl 
sample, heated to 95-0 for 2 minutes, was drawn xnto the 
tube The buffer medium and electrophoresis medium was a 
75 mM TTis-phosphate buffer, pH 8.0, 8 M urea, J^/^) 
MeOH. Electrophoretic run conditions w^re as descrxbed xn 
Example 7. The electropherpgr am results, are shown xn 
Figrxre 11, discussed above. 

Although the . invention has been described with 
reference to various applications, methods, and 
compositions, it will be appreciated that -^^<^-^^^^^^^ 
and modification may be made without departxng from the 

invention . 



